Objective: It is suggested that smoking has adverse effects on placenta development by decreasing placental vascularization. Cigarette exposure is associated with intrauterine and perinatal death, preterm labor, ablatio placenta, placenta previa and intrauterine growth retardation. The aim of this study is to investigate the effect of smoking on fetal Doppler ultrasound waveforms and its pathophysiological relationship with fetal birth weight.
P E R I N A T A L J O U R N A L P E R I N A T A L J O U R N A L
Maternal sigara kullam›n›n Doppler ölçümleri üzerine etkisinin araflt›r›lmas›
Amaç: Sigaran›n, plasental vaskülarizasyonu azaltarak, plasental geliflim üzerine olumsuz etki oluflturdu¤u öne sürülmektedir. Sigara kullan›m›, intrauterin ve perinatal ölüm, preterm eylem, ablasyo plasenta, plasenta previa ve intrauterin geliflme gerili¤i ile iliflkili bulunmufltur. Bu çal›flmadaki amac›m›z sigara kullan›m›n›n fetal do¤um a¤›rl›¤› ile olan patofizyolojik iliflkisi ve fetal Doppler ak›mlar› üzerine etkisini incelemektir.
Introduction
Smoking is a modifiable risk which has an influence on gestational complications and neonatal growth.
Smoking rate among women in the reproductive age range is reported as 11.6% for Turkey according to 2008 data. [1] Although this rate seems to be decreasing in recent years, it is reported as 22% in the USA. [2] Only 18-25% of smoker women quit smoking when their pregnancies are confirmed. [1, 2] Many chemical materials in cigarette affect human health negatively. [3] Maternal smoking habit causes gestational complications and affects baby growth negatively. [2, 3] Although the relationship of maternal smoking with low birth weight and preterm labor has been shown, the mechanism causing this relationship is still controversial. [4, 5] It is suggested that cigarette and the chemical materials in cigarette decrease placental vascularization and have a negative effect on placental growth. [6] The etiology of preterm labor and intrauterine growth retardation is multifactorial; however, it has been shown in the prospective study of Larsen et al. that smoking is the major factor causing the highest decrease in fetal growth percentile curves. [7, 8] Smoking has been found to be associated with increased miscarriage risk, intrauterine and perinatal death, preterm labor, ablation placenta, placenta previa and intrauterine growth retardation. Besides, it has been shown that smoking decreases preeclampsia risk by decreasing thromboxane A2 synthesis. It has been also found that sudden infant mortality rate in smoker pregnants increased 3 times more than non-smoker pregnants. [9] Cigarette includes nicotine, carbon monoxide and thousands of toxic chemical compounds. These toxic substances in cigarette are associated with gestational complications. Carbon monoxide in cigarette decreases oxygen transfer to fetus, and nicotine causes decreases in uterine blood flow. [9] Our aim in this study is to investigate the effect of smoking on fetal Doppler ultrasound waveforms and its pathophysiological relationship with fetal birth weight.
Methods
The study included 119 women with singleton pregnancy who applied to Gynecology and Obstetrics Department of Dokuz Eylül University between January 13th and 24th April 2011. The patients with pregnancy-induced hypertensive diseases (preeclampsia, eclampsia), chronic hypertension, gestational diabetes, morbid obesity, drug use, comorbid disease or with multiple pregnancies were excluded from the study. Group 1 included 22 patients who were smoking 4-10 cigarettes daily, and Group 2 included 97 patients who were non-smokers before and during their pregnancies.
Gestational ages of the patients were determined according to the first day of their last menstrual periods. In doubtful cases, gestational week was determined by ultrasonographic examination. Weights, heights and body mass index (BMI; kg/m 2 ) of all patients were calculated. Maternal and fetal Doppler measurements of all patients were done and recorded on 37 weeks of gestation. Pulsatility index (PI), resistance index (RI) and systole diastole (S/D) flow rates were recorded in maternal uterine artery (UtA) measurements. After bilateral maternal uterine artery measurements were done, half of the total of right and left uterine artery Doppler measurements was calculated and a single value was recorded. Pulsatility index (PI), resistance index (RI) and systole diastole (S/D) flow rates were recorded in fetal umbilical artery (UmbA) measurements. Similarly, middle cerebral artery (MCA) Doppler examination was conducted. Resistance index (RI), pulsatility index (PI), peak systolic velocity (PSV) and systole diastole (S/D) flow rates of middle cerebral artery were examined.
C-reactive protein (CRP; 0.1-8.2 mg/L), total cholesterol (T. chol; 0-200 mg/dl), triglyceride (Trig; 0-200 mg/dl), high density lipoprotein (HDL; 40-60 mg/dl), low density lipoprotein (LDL; 0-130 mg/dl) levels were checked through blood samples collected from the patients at the same period.
The statistical analysis of data was performed by SPSS (Statistical Package for Social Sciences) version 15 (SPSS Inc., Chicago, IL, USA). Continuous variables were given as mean±standard deviation (SD) with the lowest and the highest values in parenthesis. It was found out that all data are non-parametric and MannWhitney U and χ 2 tests were used for comparison of both groups. p<0.05 was considered statistically significant for all tests.
Results
Comparison of overall characteristics of both groups is given in 
Discussion
In this paper, the impact of smoking on maternal and fetal Doppler flows and on fetal birth weight was studied. The relationship of smoking with low fetal birth weight is well-known. It was shown in the study conducted by Rizzo et al. in 2009 that chronic tobacco use does not affect placental volume and placental vascularization at first trimester although it causes decreases in fetal birth weight. [4] No intrauterine growth retardation was detected in any 22 patients included in our study. Unlike contemporary studies, it was proven in our study that smoking 4-10 cigarettes daily has no effect on fetal birth weight. It was shown in the study carried out by Vielwert et al. in 2006 that smoking 15 or more cigarettes daily is associated with decrease in growth rate (p=0.007) and low birth weight (p=0.002) at third trimester, and that fetal birth weight is not affected in pregnancies whose smoking is limited (less than 15). [6] There are studies in the literature analyzing the relationship of smoking with weight gain and loss. Some studies evaluate weight changes and eating habits of individuals, who are severely smoking-addicted, during smoking cessation periods. In the study performed by Grebenstein in 2013, it was shown that nicotine is not associated with weight gain. [10] In our study, weight gain of smoker pregnants was found to be higher than non-smoker pregnants. Although currently there is no study analyzing the impact of smoking on weight gain during pregnancy, it can be asserted that they increase weight gain by considering psychologically that baby may be affected negatively. Therefore, additional studies are required to analyze these pregnants psychologically. Unlike our study, the study of Newnham et al. performed in 1990 suggested that both maternal and fetal weight gains are lower in smoker pregnants. [11] Chronic tobacco exposure deteriorates vascularization in placental bed due to toxic chemical compounds. Reduction in intervillous area and decrease in capillary volume were observed in the histological examination of placentas of smoker pregnants. Decreased angiogenesis and increased resistance in placenta affect maternal and fetal Doppler flows. [6, [11] [12] [13] In the results of our study, it was seen that UmbA and MCA Doppler flows are affected by smoking. Acute effect of nicotine on fetal UmbA flows was analyzed in the study conducted by Bruner and Forouzan in 1991 and diastolic flow loss was shown in UmbA. [12] In 1990, Newnham et al. examined the effects of smoking on pregnants at 24 weeks of gestation. In the result of Newnham et al.'s study, no difference was found between UmbA S/D rates of smoker and non-smoker pregnants. Newnham et al. assert that toxic chemicals in cigarette cause periodical changes on Doppler flows but they do not have chronic effects. [11] It was shown by the study of Rizzo et al. performed in 2009 that smoking during first trimester does not affect fetal Doppler flows. [4] There is no study examining the relationship of smoking with fetal and maternal Doppler flows particularly at third trimester. Therefore, affected UmbA and MCA Doppler flows recorded in our studies provide a new perspective to the literature.
Smoking activates immune system and creates a low systemic inflammatory response, and particularly causes increase in CRP values. [14] Humoral immune system is suppressed in pregnancy; on the other hand, CRP and sedimentation increases are known by acute phase reactants. [15] In our study, no high value was detected for CRP although they were close to upper limit, and it was found that there was no statistically significant difference in CRP levels of smoker pregnants compared to non-smoker pregnants. Physiological metabolic adaptations occur during pregnancy. In the studies examining effects of pregnancy on lipid and lipid metabolism, it was found out that total cholesterol, triglyceride, LDL and HDL values are increased during pregnancy. [16] In our study, we examined the effect of smoking on lipid profile during pregnancy. It was shown by our study that smoking is significantly associated with decreased HDL levels and increased triglyceride levels. Carbon monoxide and nitrosamines in cigarette creates oxidative stress and it was proven that it is associated with the decrease in HDL levels and vascular endothelial damage. [17] 
Conclusion
Consequently, our data show that smoking 4-10 cigarettes daily does not change maternal uterine artery flows while affecting fetal Doppler flows. It was proven by our study that there is no effect on fetal birth weight even though there are changes in fetal Doppler flows when smoking is limited to 4-10 times daily.
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